Pyrimidine and purine nucleotides, the constituents of nucleic acids, are essential for cellular proliferation in living organisms, and synthesized through the de novo or salvage biosynthetic pathway.
It is of interest, therefore, to clarify the details of synthetic pathways of nucleotides in parasitic helminths, since their nutritional requirements entirely depend upon the hosts. Such investigation may provide a new biochemical approach for a better understanding of the host-parasite relationship, especially in regard to the metabolic adaptation of parasites to the hosts. Senft et al.l~ reported that the de novo pathway for the synthesis of purine nucleotides was not operative in schistosomes while salvage mechanism was actually in operation to fulfill the purine requirement of the fluke. It has been generally accepted that glutamine-dependent carbamoyl-phosphate synthetase (CPSase II) catalyzes the first step of pyrimidine biosynthetic pathway and plays a key role in the control of the pathway in animal systems.2~-5) On the other hand, little is known about pyrimidine synthesis in parasitic helminths.
The synthesis of carbamoyl-phosphate had been explored in some helminths but the results were not enough to claim the presence of the responsible enzyme, although aspartate transcarbamoylase (ATCase) was demonstrated in these parasites.°
The present paper deals with the demonstration of CPSase II in Ascaris ovary and its catalytic and regulatory properties.
Materials and methods. 1) Materials. Ascaris lumbricoides var. suis were collected from swine intestines at a slaughter house in Tokyo. The ovaries were separated from the dissected worm and thoroughly washed with the cold Locke's solution.
2 3) Enzyme assays. CPSase II activity was assayed as described previously.8~ 14C-Citrulline formed was identified by ion exchange chromatography on Dowex 50 (H~ form) ,3) high-voltage paper electrophoresis, and decomposition of the compound to 14CO2 by HNO2.9~ ATCase and dihydroorotase (DHOase) activities were assayed as described previously. 10 Result and discussion. When 105,000 g supernatant of Ascaris ovary homogenate was incubated with KH14CO3 in the assay system for CPSase II activity, the formation of 14C-citrulline was observed, indicating the presence of the enzyme. The enzyme activity was calculated to be 1.8 nmoles per min per g tissue wet weight. On ammonium sulfate fractionation, the enzyme was precipitated at 0 to 39% saturation.
The enzyme was further purified by gel filtration on a column of Sepharose 6B. The enzyme was eluted in the fraction just behind the void volume. Fractions containing the highest activities were pooled, concentrated, and subjected to kinetic studies of the enzyme.
As shown in Table I , when any of L-glutamine, ATP, and Mg2+ was omitted from the complete reaction mixture, citrulline formation was not observed.
NH4C1 could replace glutamine and showed a higher activity. However, apparent Km values for L-glutamine and NH4C1 were found to be approximately 30pM and 8 mM, respectively, at pH 7.5. In consideration of concentration range of the substances Table I . Requirements for CPSase reaction. The complete reaction mixture (0.3 ml) constituted of the followings : potassium N-2-hydroxyethylpiperazine-N'-ethanesulfonate (pH 7.5), 15,umoles; L-glutamine, 1.0 pmole; KH14C03, 5.0 imoles; ATP, 3.O,tmoles; MgC12, 4.5pmoles; Lornithine,1.5 pmoles; ornithine transcarbamoylase free from ammonia, 2 units (imoles per min); dithiothreitol, 0.3 pmole; dimethyl sulf oxide, 7.5% (v/v); glycerol, 2.5% (w/v); enzyme, 0.01 unit (nmole per min).
Incubation, 15 min at 37°C in biological systems, it is assumable that glutamine is the principal substrate for CPSase II in Ascaris. The addition of acetylglutamate had essentially no effect (Table I) . Thus, the enzyme seems to be different from either of ammonia-and acetylglutamate-dependent CPSase or glutamine-and acetylglutamate-dependent CPSase." The effect of nucleotides and related compounds on CPSase activity was examined (Table II) . Of nucleotides tested, UDP, ADP, UTP, dUDP, dTMP, and dADP inhibited the activity by more than 70%, while CDP, UDP-glucose, dGDP, dCDP, and dUTP were moderately effective (45-66% inhibition). It is likely that ribo-and deoxyribo-nucleoside polyphosphates having uracil or adenine as the base generally inhibit the enzyme activity, with the exception of dATP which rather stimulated the enzyme activity. Among nucleotides having an identical base, nucleoside diphosphates were more inhibitory than nucleoside mono-or triphosphates.
In the case of uridine nucleotides, for instance, the order in their inhibitory effect is UDP>UTP>UMP.
The inhibition by ribo-nucleoside diphosphates was more prominent than that by the corresponding deoxyribonucleo- The basal reaction mixture is the same as described in Table I , except that the concentrations of ATP and MgCl2 were reduced to 1.0 and 6.0 mM, respectively, and 7.5% dimethyl sulfoxide plus 2.5% glycerol was replaced by 10% glycerol.
The concentration of compounds added as effectors was 2.0mM except for PP-ribose-P of which concentration was 1.0 mM. When the effector was a phosphate compound, additional equimolar (2.0 or 1.0 mM) MgC12 was supplemented to keep free Mg2+ at about 5.0 mM. Enzyme, 0.027 unit.
Incubation, 15min at 37°C.
[Val. 51, side diphosphates, e.g., UDP>dUDP. On the contrary to the effect of these nucleotides, 5-phosphoribosyl 1-pyrophosphate (PP-ribose-P ) markedly stimulated the activity. The kinetic and regulatory properties of the enzyme described above are similar to those of CPSase II from mammalian sources.2~,3),5) A notable characteristic of the Ascaris enzyme is that it was more strongly inhibited by UDP than UTP, while the mammalian enzyme is more sensitive to UTP than UDP.5)
ATCase and DHOase activities were also demonstrated in 105,000 g supernatant of Ascaris ovary homogenate. These two enzymes were co-purified with CPSase II in each step of purification, and the relative activities of CPSase II, ATCase, and DHOase remained nearly constant (1:1000: 50) throughout the purification.
The present paper reported the presence of CPSase II in Ascaris ovary, its very limited activity, and the sensitivity to inhibition by nucleotides and activation by PP-ribose-P.
Based on the results it is very likely that the synthesis of carbamoyl-phosphate is the key step in the control of pyrimidine biosynthesis.
Some differences in catalytic and regulatory properties of CPSase II from Ascaris ovary and mammalian tissues are interesting in terms of biochemical and physiological adaptation of Ascaris lumbricoides var. suis to the host.
